Introduction
Telemedicine has been used to facilitate patient care delivery, to improve accessibility of health care services, and to optimize compliance with treatment plans, reducing the need for hospital visits, thereby reducing cost of health care. [1] [2] [3] It is estimated that globally about 8% to 10% of babies delivered in the hospital require care in a neonatal intensive care unit (NICU). 4 Fifty Figure 1 . Picture of cot-side Web camera and Web image on cell phone.
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anxiety. With globalization and the demands of jobs, parents may not be together to support each other throughout the baby's NICU stay. This is especially difficult for first-time parents when faced with the need to make critical decisions about the care of their sick newborns. Very often, when such babies are medically stable and able to go home, parents frequently have little confidence in their own ability to look after their babies, thus prolonging their stay in the hospital further. We hypothesized that parents are receptive to the use of the Internet and telemedicine technology in an acute NICU setting and that its availability may lower health care costs through reduction in avoidable readmissions after discharge from primary hospitalization. In this article, we describe our study design and our high-tech approach to providing individualized support to the families of very-low-birthweight infants.
Methods
To facilitate Internet access, we installed three broadband points and three cameras in the NICU at our institution. The connections were linked to a centralized computer located at the central nursing station. Installation of the cameras and technical connections were sponsored by our local telecommunication company, SingTel. The institution initiated the broadband subscription and maintained the service contract throughout the study period.
Very-low-birth-weight infants with an expected length of stay (LOS) of more than three weeks in the NICU were eligible for study enrollment. Parents of eligible infants were informed of the availability of Web camera service before the mother's discharge from the maternity ward. Parents with knowledge of Internet use and access to Internet service who agreed to abide by the access guidelines were enrolled in our study. Enrolled families were required to stop using their user identification number and password when their babies were discharged to step-down care or when their newborns were discharged from the hospital, whichever happened first. We obtained written consent from the parents before installing a Web camera by their babies' beds. Each enrolled family was issued a child-specific, confidential password that enabled them to view real-time video images of their newborns through a secure portal via an Internet browser or 3G (third-generation) cell phone (Figures 1 and 2) . A security number for each newborn, which included a user identification number and a password, was released on confirmation of agreement in writing. The same security number remained in place for the newborn for the entire NICU stay.
At every shift, the nurse in charge would check that the assigned camera focused on and was filming the correct baby. The system had a visual indicator to alert the staff when the camera was in action. Cameras were activated at scheduled times identified as infants' rest time: 1100 to 1230 hours, 1730 to 1900 hours, and 2300 to 0030 hours. During an emergency, the nursing and medical teams in charge were responsible for switching off the camera. Characteristics of enrolled babies, severity of their illness, and the mothers' ages and ethnicities were collected and compared with randomly selected high-risk newborns matched for gestation and birth weight. Study controlgroup members were newborns treated in the NICU in the preceding year. LOS, postmenstrual age at discharge, and readmission within 15 days after discharge were tracked for both cohorts of infants. Parental perceptions of the sys- 
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Virtual Visitation in the Neonatal Intensive Care: Experience with the Use of Internet and Telemedicine in a Tertiary Neonatal Unit tem's stability and feasibility were evaluated through a set of survey questions ( Table 1 ). The cost of implementing this Internet service was computed.
Statistical Analysis
Statistical analysis was performed using SPSS Statistics (version 18.0; SPSS Inc, Chicago, IL, USA). The data are shown here as means ± standard deviation. Analysis of the study versus control cohorts was performed using the Fisher exact test and the independent sample t-test where appropriate. A p value of <0.05 was considered significant.
Ethics Approval
Our study was approved by our institution's review board and supported by our institution's legal advisor.
Results
A total of 46 study participants were recruited for the Internet viewing service between 2005 and 2007. Forty-six infants were identified from the patient database maintained by the NICU to serve as a study control group. Data were controlled for gestation and birth weight. Study participants and control-group members were not significantly different regarding birth weight, duration of gestation, or severity of illness as measured on the Clinical Risk Index for Babies (CRIB) II score. 5 Infants in both groups were born to mothers with a mean age of 32.5 years. Infants in both groups were equally distributed among ethnicities ( Table 2) .
The mean LOS of study participants was 68.3 ± 25.5 days, compared with 74.3 ± 29.0 days in control-group members. Study participants were discharged at a mean postmenstrual age of 38.1 ± 2.3 weeks compared with 38.4 ± 2.6 weeks for control-group members. These trends did not amount to a statistical significant difference between both groups. One control-group infant was readmitted within 15 days of primary hospital discharge, in contrast with no infants from the study group.
Parents of study participants reported confidence in the Internet viewing service. Ninety-seven percent of families expressed confidence in the safety and security of online video access, and 100% of the parents with Internet access found it useful for them and their family members. All parents of the study cohort expressed interest in recommending the service to potential users (Table 3) .
The service required 3 broadband accounts; the cost for maintaining the 3 accounts and the wireless modem was 7500 SGD (Singapore dollars) per year. For the 3-year study period, our institution incurred a total cost of 22,500 SGD to maintain the service.
Discussion
Our study confirmed the feasibility of integrating communication technologies, using the Internet, in the NICU environment. The technology was readily accepted The immense interest among parents of our NICU babies in using the service to gather information on their child's care in the NICU parallels the experience reported from several other studies. The study by Bass et al of patients with Alzheimer disease found that computer support networks were heavily used by patients' family caregivers and significantly reduced stress among caregivers. 6 The study by Gray et al of the use of Internet and telecommunication to improve care of highrisk infants demonstrated a high Internet-use rate, with the majority initiating viewing sessions from home. 2, 7 Other studies have also identified valuable success with the use of telemedicine technologies in the care of pediatric patients. Karp et al, in their study of a population of children with special health care needs, found the telemedicine system to be well received and well used in providing distance consultation within the US state of Georgia. 8 Miyasaka et al, in their study on use of telemedicine to provide home monitoring and care after a stay in an intensive care unit, documented a reduced need for physician home visits, unscheduled hospital visits, and days of hospitalization. 9 Despite reported successes, several issues have been raised as hindrance to routine implementation of the system, including the ability of providers to recoup costs associated with providing Internet access, telemedicine consultations, and medicolegal concerns. 10, 11 Similarly, costs of maintaining Internet access restricted our ability to extend the service to all families with newborns at high risk requiring NICU care.
We selected only families with Internet access and with knowledge of how to use the Internet for our study, but it has been shown that families without traditional access to health care derive more benefits from computer-assisted support than do Internet-savvy families. 12 Our study was limited by the small size of our study group. Although LOS was shorter among study participants than among control-group infants, the difference was not statistically significant. Infants in our study cohort were discharged earlier than control-group infants; however, this difference also was not statistically significant. Our small study population possibly limits the power of our analyses to detect differences.
Extending Internet service in the postdischarge period may potentially improve the efficiency of care coordination for these infants, but further work is required to confirm and demonstrate its impact.
Conclusion
With advances in neonatal practices, NICU care and support for extremely preterm babies has increased, this translates into an increased emotional toll on families. Our study findings confirm that parents respond favorably to the availability of telemedicine in a NICU and that well-designed virtual access may assist in addressing the emotional and educational needs of families, thereby improving family comfort and providing emotional reassurance to parents of neonates at high risk. v 
